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Objectives: to investigate whether colour duplex scanning can be used as the sole diagnostic investigation prior to lower
limb revascularisation.
Patients and Methods: the results of angiography and duplex were compared in 80 limbs (69 claudication, 11 critical
limb ischaemia [CLI]) from 68 patients.
Results: excellent diagnostic agreement ( value 0.89, 95% CI 0.85–0.93) was achieved at the femoropopliteal segment.
Agreement was good for the aorto-iliac segment ( value 0.69, 95% CI 0.61–0.77) and moderate for the infrapopliteal
segment ( value 0.59, 95% CI 0.55–0.63). Similarly, in the decision-making process excellent agreement was achieved
for the femoropopliteal segment ( value 0.91, 95% CI 0.88–0.94), good for the aortoiliac segment ( value 0.62, 95%
CI 0.56–0.68), and moderate for the infrapopliteal segment ( value 0.46, 95% CI 0.42–0.50). Duplex detected patent 12
tibial arteries in 10 limbs that were not opacified on arteriography. In four limbs duplex revealed significant disease in
the above knee popliteal artery that was missed on arteriography.
Conclusions: treatment of femoropopliteal disease can be based upon duplex alone in the great majority of cases. However,
where there is disease in the aortoiliac segment, or where infrapopliteal revascularisation is long considered both duplex
and angiography should be performed to maximise pre-operative information.
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Introduction [63–79] years) being assessed because of intermittent
claudication (pain-free walking distance <100 metres)
Despite the wide acceptance of colour duplex scanning (n=69) or critical limb ischaemia (n=11).5 Duplex
in the diagnosis of vascular diseases1, its use as the of the aortoiliac, femoropopliteal and infrapopliteal
sole investigation prior to lower limb revascularisation segments was conducted by an experienced vascular
remains controversial.1 Angiography is an invasive, surgeon (ADG) using a 4 and a 6 MHz transducer
costly and potentially morbid procedure.2–4 (Sequoia TM512 Accuson Corporation, Mountain
Colour duplex scanning is easily repeatable, free of View, CA, U.S.A.). The examination was performed
any risk complications, causes minimal discomfort to following a 6 hour fast in the supine position, or
the patients and it is relatively cost-effective. semi-prone position depending on the segment being
The aim of this prospective study was to determine insonated.
whether, and in which patients, duplex can be used An haemodynamically significant stenosis (>50%
as the sole pre-operative investigation prior to lower reduction in luminal diameter) was defined by a two-
limb revascularisation. fold increase in peak systolic velocity.6,7 Absence of
flow on colour and power Doppler was deemed to
represent an arterial occlusion. Each anatomical site
was graded as patent without a haemodynamicallyPatients and Methods
significant stenosis, patent with a haemodynamically
significant stenosis, or occluded.The results of angiography and duplex ultrasound
A senior vascular surgeon (ANK) then made thewere compared in 80 limbs (68 patients, mean age 72
decision on appropriate treatment (bypass, en-
∗ Please address all correspondence to: A. Katsamouris, Division of dovascular procedure, amputation, conservative treat-Vascular Surgery, University Hospital of Heraklion, Heraklion,
Crete, Greece. ment) independently based on the duplex report.
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Conventional angiography was performed via the 0.62, 95% CI 0.56–0.68) was found. The therapeutic
femoral or axillary route. The angiograms were per- decision according to the results of duplex scanning
formed and reported by a radiologist (DT) unaware changed after arteriography in eight limbs. In five of
of the duplex findings. them duplex scanning failed to depict the presence of
A significant stenosis was defined as that causing a an isolated significant stenosis which was eventually
reduction in luminal diameter of more than 50%. treated with balloon angioplasty and stenting. In the
Absence of opacification was considered to denote remaining three limbs the presence of a more diffuse
occlusion. All those arterial segments without the pres- iliac disease was underestimated. According to duplex
ence of a significant stenosis were classified as normal. results these three limbs were assigned to balloon
Based on arteriography, the same vascular surgeon angioplasty and/or stenting but based on the ar-
(ANK) again decided on the appropriate treatment. teriography a surgical intervention was indicated.
Priority was given to the restoration of the inflow Finally, moderate agreement ( value 0.46, 95% CI
disease. In several cases a combination of endovascular 0.42–0.50) was found at the infrapopliteal segment. In
treatment and surgery was carried out. four limbs assigned to femoropopliteal bypass by the
The indication for angioplasty was the presence of ultrasonic findings the management was changed after
a single stenotic lesion less than 5 cm in length in both arteriography because colour duplex scanning failed
the iliac and femoropopliteal segments. In all other to identify the presence of severe disease at the origin
cases an arterial bypass procedure was decided on, of the tibial arteries. Thus, after arteriography, in two
unless there was no outflow artery to receive a graft. limbs conservative treatment and in the other two an
In such cases, taking into consideration the clinical infragenicular by-pass was decided on.
presentation, the options were either conservative In all limbs the imaging of the origin of the profunda
treatment or amputation. femoral artery was possible with colour duplex scan-
The sensitivity, specificity, overall accuracy, and ning. The first 5 cm of this artery was detected in 32
positive and negative predictive values of colour du- out of 80 examined limbs, whereas in none of the
plex scanning compared to arteriography in detecting limbs was the entire length of the profunda femoral
the presence of a significant stenosis (over 50% luminal artery detectable. The entire length of the common
diameter reduction) or occlusion was assessed for each and superficial femoral arteries and the above- and
arterial segment. below-knee segments of the popliteal artery were im-
The kappa values and the 95% confidence intervals aged in all but one limb. In four limbs with normal
(95% CI) were both computed.8 Moderate, good and above-knee popliteal arteries on arteriography, severe
excellent agreement was defined when the kappa val- calcification and the presence of significant stenosisues were 0.41–0.60, 0.61–0.80 and 0.81–1.0, respectively.
was detected by duplex scanning. Thus, the distal
anastomosis of the femoropopliteal graft was made
more distally in the popliteal artery either at the level
of the knee joint or at the below-knee segment.Results
As mentioned previously, the origin of the tibial
arteries was not detected by colour duplex scanningDuplex scanning was inconclusive in 11 aortoiliac,
in 22 limbs. Severe arterial calcification and the pres-one femoropopliteal and in 54 tibial segments due to
ence of diffuse occlusive disease at the tibioperonealobesity, bowel gas, calcification, tortuosity or depth of
trunk and the origin of the tibial arteries adverselythe artery.
affected the ultrasonic evaluation. In four limbs thisThe diagnostic agreement achieved between duplex
resulted in a change in the management. Furthermore,scanning and angiography was excellent in the femoro-
in the remaining 18 limbs the arteriographic imagespopliteal segment ( value 0.89, 95% CI 0.85–0.93),
offered adequate evaluation of the outflow arteriesgood in the aortoiliac ( value 0.69, 95% CI 0.61–0.77)
allowing limb revascularisation with safety.and moderate in the tibial arteries ( value 0.59, CI
Colour duplex scanning detected patency of 12 tibial0.55–0.63 (Table 1).
arteries in 10 limbs, not opacified on arteriographyAgreement ( value 0.9, 95% CI 0.88–094) in terms
due to the presence of significant multilevel proximalof decision making was also excellent in the femoro-
arterial disease. This did not modify the managementpopliteal segment. In one limb the distal anastomosis
but was valuable information concerning the conditionof a femoropopliteal bypass was constructed at the
of the outflow arteries at the femoropopliteal segment.below-knee instead of the above-knee segment of the
The presence of proximal multisegmental diseasepopliteal artery after considering the arteriography.
At the aorto-iliac segment good agreement ( value did not adversely affect the accuracy of colour duplex
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Table 1. Diagnostic value of colour duplex scanning compared to arteriography in each arterial segment.
Arterial segment Sensitivity Specificity Accuracy PPV NPV  value (95% CI)
Aortoiliac 86% 90% 88% 88% 90% 0.69
(0.61–0.77)
Femoropopliteal 99% 94% 96% 97% 99% 0.89
(0.85–0.93)
Tibial 80% 91% 83% 80% 89% 0.59
(0.55–0.63)
CI: Confidence Interval.
PPV: Positive predictive value.
NPV: Negative predictive value.
Table 2. Summary of the treatment offered to patients with chronic arterial occlusive disease of the lower limb.
Type of treatment Patients (n=) Limbs (n=)
Aorto-bifemoral bypass 8 16
Axillo-bifemoral bypass 4 8
Aorto-unifemoral bypass 1 1
Axilllo-unifemoral bypass 3 3
Ilio-unifemoral bypass 2 2
Femoro–femoral bypass 2 2
Iliac PTA and femoro–femoral bypass 1 1
Common and profunda femoral artery endarterectomy 2 2
Femoro-popliteal bypass AK 11 11
Iliac PTA and stenting and femoro-popliteal bypass AK 3 3
Femoro-popliteal bypass BK 8 8
Iliac PTA and stenting and femoro-popliteal bypass BK 2 2
Femoro-distal bypass 2 2
Iliac PTA and stenting 10 10
Superficial femoral artery PTA 2 2
Amputation below-knee 3 3
Conservative treatment 4 4
Total 68 80
PTA: Percutaneous transluminal angioplasty.
AK: Above-knee.
BK: Below-knee.
scanning in the estimation of a distal lesion when Discussion
using as a criterion the two-fold increase in peak
systolic velocity at the diseased arterial segment as Many surgeons still consider arteriography to be the
pre-operative investigation of choice despite its ex-compared to that at an immediately proximal normal
segment. Underestimation was observed only in four pense, morbidity and well described shortcomings in
terms of accurately delivering the extent and severitylimbs with a stenotic lesion located at the tibial arteries
associated with proximal multisegmental disease. This of disease.9–11
Several studies have shown that duplex has goodoccurred due to the poor direct visualisation of the
origin of the tibial arteries. sensitivity and specificity when compared to angio-
graphy12–17 in the assessment of lower limb disease.The management offered to the patients in this series
is displayed in Table 2. The patients subjected to In the present study there was excellent agreement
between duplex and angiography in the femoro-primary amputation had gangrene and severe un-
reconstructable infrapopliteal disease. Those three popliteal segment both in terms of the anatomic extent
of disease and as a basis for decision-making regardingpatients in whom conservative treatment was decided
had isolated severe tibial artery disease. treatment. However, the number of non-informative
duplex scans adversely affected its ability in the aorto-The time required for the accomplishment of a full
ultrasonic evaluation of the infrarenal aorta, the iliac iliac segment.
Furthermore, the agreement between duplex andand the lower limb arteries ranged from 22 to 67 min
(mean 48 min). angiography below the knee was only moderate due
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4 Formanek G, Frech RS, Amplatz K. Arterial thrombus for-to inability to visualise the origin of the tibial arteries.
mation during clinical percutaneous catheterisation. CirculationHowever, controversy still exists regarding the 1990; 41: 833–839.
value of ultrasound in the detection and grading 5 Second European Consensus Document on Chronic Crit-
ical Leg Ischaemia Eur J Vasc Surg 1992; 6 (Suppl. A): 1–2.of atherosclerotic disease in the infragenicular
6 Jager KA, Phillips DJ, Martin RL et al. Noninvasive mappingarteries.17–22,34–36 of the lower limb arterial lesions. Ultrasound Med & Biol 1985;
Several centres have shown that duplex can replace 11: 515–521.
7 Kohler TR, Nance DR, Cramer MM et al. Duplex scanningangiography in the selection of patients for lower
for the diagnosis of aortoiliac and femoropopliteal disease: Alimb revascularisation either by angiography30 or prospective study. Circulation 1987; 76: 1074–1080.
surgery.15,29,31–35 8 Altman DG. Practical Statistics for Medical Research.London:
Chapman and Hall, 1995.In most cases, the presence of proximal disease does
9 Sumner DS, Strandness DE. Aortoiliac reconstruction innot limit the grading of distal arterial lesions.23–29 patients with combined iliac and superficial femoral arterial
In contrast, there is evidence that disqualifies the occlusion. Surgery 1978; 84: 348–355.
10 Thiele BL, Strandness DE, Jr. Accuracy of angiographic quan-use of colour duplex scanning as a sole investigation
tification of peripheral atherosclerosis. Prog Cardiovasc Dis 1983;for planning limb revascularisation. However, it has
26: 2323–2336.
been pointed out that duplex may be limited to the 11 Smith T, Cragg A, Berbaum K et al. Comparison of the efficacy
of digital subtraction and film-screen angiography of the lowerexclusion of haemodynamically significant arterial dis-
limb: prospective study in 50 patients. Am J Roenterol 1992; 158:ease due to its high negative predictive value.36 Cer-
431–436.
tainly, the integrated use of colour duplex scanning 12 Hatsukami TS, Primozich JF, Zierler R, Harley JD, Strand-
ness DE, Jr. Color Doppler imaging of infrainguinal arterialcarried out by experienced operators in well-validated
occlusive disease. J Vasc Surg 1992; 16: 527–533.vascular laboratories can substantially reduce the need
13 De Vries SO, Hunink MG, Polak JF. Summary receiver op-
for diagnostic arteriography.37,38 However, despite the erating characteristic curves as a technique for meta-analysis
of the diagnostic performance of duplex ultrasonography insubstantial diagnostic agreement between colour du-
peripheral arterial disease. Acad Radiol 1996; 3: 361–369.plex scanning and arteriography, further investigation
14 Kohler TR, Nance DR, Cramer MM et al. Duplex scanning foris needed to clarify whether duplex scanning alone can diagnosis of aortoiliac and femoropopliteal disease: A pro-
guide interventions for lower limb revascularisation.18 spective study. Circulation 1987; 76: 1074–1080.
15 Koelemay MJ, den Hartog D, Prins MH et al. Diagnosis ofFurthermore, data from two recent studies19,37 dis-
arterial disease of the lower extremities with duplex ultra-qualify the use of colour duplex scanning without sonography. Br J Surg 1996; 83: 404–409.
arteriography before a femorocrural bypass or sec- 16 Pemberton M, London NJ. Colour flow duplex imaging of
occlusive arterial disease of the lower limb. Br J Surg 1997; 84:ondary procedures in the lower limb after reversed
912–919.vein bypass. 17 Aly S, Sommerville K, Adiseshiah M et al. Comparison of
In summary, our data show that duplex can sub- duplex imaging and arteriography in the evaluation of lower
limb arteries. Br J Surg 1998; 85: 1099–1102.stantially reduce the need for diagnostic arteriography,
18 Sensier Y, Hartshorne T, Thrush A et al. A prospective com-particularly in those cases with disease at the femoro- parison of lower limb colour-coded Duplex scanning with ar-
popliteal segment. The presence of excess bowel gas, teriography. Eur J Vasc Endovasc Surg 1996; 11: 170–175.
19 Larch E, Minar E, Ahmadi R et al. Value of color duplexobesity, and tortuous and calcified arteries that dis-
sonography for evaluation of tibioperoneal arteries in patientsallow optimal visualisation of the aortoiliac segment with femoropopliteal obstruction: A prospective comparison
mandates the arteriographic evaluation prior to with antegrade digital subtraction angiography. J Vasc Surg 1997;
25: 629–636.the decision-making for treatment at the aortoiliac
20 Cossman DV, Ellison JE, Wagner WH et al. Comparison ofsegment. Similarly, when an infragenicular re-
contrast arteriography to arterial mapping with color-flow du-
vascularisation is required, arteriography is still man- plex imaging in the lower extremities. J Vasc Surg 1989; 10:
522–529.datory. In this setting the combination of arteriography
21 Polak JF, Karmel MI, Mannick JA et al. Determination of theand colour duplex scanning provides useful in-
extent of the lower extremity peripheral arterial disease with
formation that optimises the overall decision-making colour assisted duplex sonography: comparison with angio-
process. graphy. AJR 1990; 155: 1085–1089.
22 Whelan JF, Barry MH, Moir DJ. Color flow Doppler ultra-
sonography: comparison with peripheral arteriography for in-
vestigation of peripheral vascular disease. J Clin Ultrasound 1992;
20: 369–374.
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